Introduction
The Japanese people have used fisheries resources for a long time, and today seafood is still very important in Japanese food culture. It reflects the variety of Japanese marine ecosystems, from the sub-arctic in Hokkaido to the tropical in Okinawa. Throughout history, the Japanese people have tried hard to utilize fisheries resources in sustainable ways. The next section gives a historical overview of Japanese fisheries institutions from the 8th century until now. I believe that the fisheries institutions in any area or country reflect the inter-relationship between society and marine ecosystems. Therefore, in the latter part of Section 2, by using statistics, I discuss the social and ecological features behind Japanese fisheries institutions. I then briefly introduce economic studies to show the importance of uncertainty in typical types of fisheries in Japan. Several models from coastal and offshore fisheries are presented (Section 3).
Ecosystem conservation is one of the most urgent issues affecting the sustainability of Japanese fisheries and food culture. In Section 4, I briefly introduce the Ecosystem Approach of the Convention on Biological Diversity (CBD). I then assess Japanese fisheries management on the basis of the ecosystem ap-doi:10.5047/agbm.2017.00701.0001 © 2017 TERRAPUB, Tokyo. All rights reserved.
Tang dynasty (618 to 907 AD). In this provision, resource use of mountains, rivers, bushes, bogs, and coasts was basically open to all and free from levies (in contrast to the terrestrial farmland situation, in which specific land-users were identified and levies were imposed by the central government). In other words, these areas were for common use and were managed by local users themselves (Makino and Matsuda 2005) . This basic idea was passed down to, and adopted by, successive rulers. Table 1 summarizes the history of Japanese fisheries institutions.
Under such principles, community members who satisfied certain local criteria (e.g., place of residence, assignation of community duties, amount of tax paid) were entitled to engage in fisheries activities (Ninohei 1978) . The role of the community-effectively an autonomous management body of fishers-constituted the basis for subsequent present-day Fisheries Cooperative Associations (FCAs).
There have been at least two important events in the recent history of Japanese fisheries institutions. The first was modernization (by introduction of the European legal system) after the Meiji revolution of 1868, and the second was fisheries reform under occupation by the Allied Powers after the end of World War II in 1945.
In 1853, Commodore Perry of the United States arrived in Japan, bringing an end to the country's national seclusion policy of more than 200 years. The feudal era (Tokugawa Dynasty) was ended in 1868 by the Meiji revolution, and the new government radically reformed the whole national institutional framework. The constitution and all the laws and administrative systems were replaced by European-style ones.
During this reform, the government declared nationalization of the seas, introducing a centralized fishing license system in 1875 (Ninohei 1978) . This constituted a top-down system of rent for the use of nationalized sea areas. In this system, each fisher was expected to maximize his benefit within the limitations and regulations set by the central government. This was a completely new arrangement for Japanese fishers, and many individuals who had not previously fished successfully applied for licenses. Seven years later, annual real fisheries production had tripled (Akiyama 1960) .
From these facts, we can deduce several points about fisheries management under the feudal system before 1874. First, the recruitment of large numbers of new fishers from 1875 onward implies that fisheries had until then been recognized as a "good business" or a "last resort". Second, the observed dramatic growth in fisheries production meant that, in the feudal era, fishing pressure had been well controlled and resources were above certain levels. Finally, this rapid increase in fishing effort after the reform could easily have led to overfishing.
Presumably as a result of overfishing, the sharp rise Period Fishing areas Institutional framework Up to the Edo era (-1603) The marine areas were for common use, and managed by local users themselves.
Early Edo era (1603-about 1700)
Coastal areas Communities controlled the areas, and were responsible for establishing appropriate rules governing the use of these areas. Offshore
Basically open access. Anyone could operate, regardless of the location of the home community.
Later Edo era (about 1700-1868)
Coastal areas Development of labor-intensive and capitalized fisheries. A few wealthy fishermen monopolized fishing operations. Offshore Large-scale fisheries operators established their own guilds and made rules, protected by feudal lords.
Modernization period The government tried to introduce a top-down fishery management system, but the scheme failed.
There was a return to the customary arrangement in which local fishermen controlled and managed local fishing operations. Coastal areas Fishing rights, as exclusive real rights, were granted to both Fisheries Societies Offshore Fishing licenses were issued to individuals or juridical persons.
Meiji Fishery Law

Present Fishery Law (1949-)
Coastal area Fishing rights, as limited real rights, are granted to both Fisheries Cooperative Offshore Fishing licenses are issued to individuals or juridical persons. in fisheries production following the institutional reforms turned out to be a temporary phenomenon, and harvest levels soon dropped. Because many more fishers had been recruited under the new system, widespread conflict emerged and many people were killed. To deal with this chaotic situation, the Bureau of Fisheries of the Ministry of Agriculture and Commerce enacted the Fishermen's Union Regulation in 1886, by which fishers were encouraged to establish local fishers' unions in each village. This regulation was the first formal recognition of fishers' organizations that could operate as management authorities (Hirasawa et al. 1992) . In summary, the introduction of top-down fishery management had failed, and formal institutions returned to the customary arrangement by which local fishers controlled and managed fishing operations themselves.
Then, in 1901, the Meiji Fishery Law was enacted (amended in 1910). This law put fishing rights and licenses, for the first time, in statutory form. Fishing rights were granted to both Fisheries Societies (i.e., local fishers' organizations) and individuals. There were four categories: (1) set-net fishing rights; (2) specific fishing rights for beach seines, boat seines, etc.; (3) aquaculture rights for oysters, pearls, etc.; and (4) exclusive fishing rights (Yamamoto 1995) . These fishing rights operated as property rights. Especially after the 1910 amendment, fishing rights became exclusive, real rights that could be sold, leased, transferred, or collateralized. This naturally led to the concentration of fishing rights in the hands of money lenders (many of whom were merchants or middlemen), who effectively acted as landlords controlling coastal areas. Many fishers without fishing rights were exploited by absentee owners of rights.
The second important event in the recent history of fisheries institutions came at the end of World War II. The Allied Occupation brought dramatic and sweeping institutional changes to Japan, including the adoption of a new constitution. The General Headquarters of the Supreme Commander for the Allied Powers requested the reform of fisheries institutions in a democratic manner, and the current Fishery Law was enacted in 1949. Under this law, marine fisheries rights were classified into three categories: (1) fishing rights for coastal fisheries; (2) fishing licenses for offshore and distant water fisheries; and (3) free fisheries. Coastal fishing rights were classified, in turn, as 1(a) common fishing rights (only for Fisheries Cooperative Associations); 1(b) large-scale set-net fishing rights; and 1(c) aquaculture (demarcated) fishing rights (Makino and Matsuda 2005; Makino 2011a ).
According to official documents made available in 1963 (Fisheries Agency 1963), the principal aims of this fisheries reform under the Allied Powers were to develop fisheries productivity in order to cope with the domestic food shortage and to improve the economic status of fishers actually engaged in fishing operations. In order to achieve these goals, the concept of "holistic fisheries coordination" was introduced into the current Fishery Law of 1949. This term refers to the arrangement and coordination of various fishing operations within a certain area from an overall perspective, not simply from the viewpoint of each economic unit. Therefore, various levels and scales of coordinating organization have been instituted in a nested manner to coordinate cross-scale issues and maximize the holistic benefits ( Table 2) .
In addition to these formal coordinating organiza- 
2-2. Natural and social background
In the previous sub-section, I briefly reviewed the institutional features of Japanese fisheries management. In this sub-section, by using international comparisons, I discuss the social and ecological reasons for the development of this type of fisheries management system in Japan. Table 3 shows fisheries production volumes, total numbers of fishers, and per-fisher production in the top 40 fisheries countries (Makino and Matsuda 2011) . Per-fisher production is very high in Iceland, New Zealand, Denmark, and The Netherlands. It is also high in Norway, the Faroe Islands, Peru, and Argentina (>100 t/fisher). On the other hand, production in all of the fisheries countries in the Asia-Pacific area, including Japan, is well below the average. This means that fisheries operations in the Asia-Pacific region are conducted on a small scale. Figure 1 shows the diversity of fish taxa caught, as calculated by using the diversity index H¢, by OECD countries over the period [2002] [2003] [2004] [2005] [2006] . The data are arranged by capital city latitude. H¢ was calculated by using the Shannon function (MacArthur and MacArthur 1961) on the basis of FAO FISHSTAT data. Because the details of fisheries statistics reported to FAO depend largely on the domestic statistical system used in each country, only the OECD countries are compared. The figure shows that that the mid-to low-latitude countries utilize a wider range of species than do those at higher latitudes. This can be understood as reflecting the higher biodiversity in these lower-latitude areas. Figure 2 shows the importance of seafood to national food policy. It shows the percentage of seafood as a source of animal protein in the top 40 fisheries countries. The Asia-Pacific countries, including Japan, have greater reliance on seafood than on other sources of animal protein.
Finally, Fig. 3 shows the average number of marine fishers per kilometer of coastline, as of 1997. People living along the coast are the most direct stakeholders in, and recipients of, marine ecosystem services (UNEP CBD 2000) . Therefore, this figure suggests that the Asia-Pacific region is rich in potential human resources, and local people can potentially play an important role in local fisheries management.
The above comparisons reveal many social and ecological factors that are common to Japan and Asia-Pacific countries. Table 4 summarizes the comparisons.
Japan and other Asia-Pacific countries have large numbers of small-scale fishers operating in their coastal areas. Also, these countries are located in the mid-to low latitudes and therefore have a high diversity of marine species. These two facts mean that Top-down Command and Control management is too costly for the government to implement. Therefore, organizations of local fishers, along with inter-scale coordinating systems (Fig. 2) , can function effectively as bodies for local fisheries management, wherein the management cost and authority are shared by the government and the fishers. Also, seafood is very important from a food security perspective, and small-scale fishers are there- fore very important to domestic seafood supply and food culture. From these perspectives, I strongly believe that the Japanese fisheries management system is a good reference for Asia-Pacific countries.
Economic analysis to support fisheries management in Japan
3-1. Cases from coastal fisheries
In the previous section, I discussed the institutional features of Japanese fisheries management. The key principle is "resource management by local resource users." So what kind of economic analysis should we conduct in order to help local resource users to implement better management? What is the role of scientists in supporting autonomous fisheries management by local fishers? This section briefly gives examples of such works.
First, science should theoretically summarize and categorize the management measures to be implemented by local resource users. Then, fishers can pick and choose the most feasible measures for their fisheries operations. Table 5 is an example of such a summary, namely the "Fisheries Management Tool Box" developed by the Fisheries Research Agency (2009) of Japan. It categorizes a total of 78 management measures, and it plots target-based categories in the left column and approach-based categories in the top row. This Fisheries Management Tool Box is now applied to several coastal fisheries FMOs in Japan.
From the Fisheries Management Tool Box, local fishers can select the best combination of management measures according to their gear type and the biological and economic characteristics of the target species. The selection will also be influenced by the human and financial resources to be allocated to management of the target species. FMOs in coastal fisheries tend to lack such resources. Therefore, scientific estimation of management effects is essential for initiating discussions regarding the autonomous management of coastal fisheries. To meet this need, Makino (2011b) constructed a model under uncertainty based on the bioeconomics proposed by Clark (1990) and simulated the effectiveness of the various management measures in Table 5 in sea cucumber fisheries. 
3-2. Cases from offshore fisheries
A large degree of uncertainty is one of the fundamental features of fisheries resource management. Therefore, in order to deal with uncertainties in fisheries management, the important task for science is to develop adaptive decision-making guidelines for resource users. One example of such work can be found in the work of Makino (2004) which applied analytical tools in financial engineering (real options analyses) to a bottom-trawling fishery (Fig. 5) .
Another example from the offshore fisheries is the TAC (total allowable catch) system. In Japan, a TAC has been set for chub mackerel (Scomber japonicus) since 1997, but resource recruitment fluctuates from year to year. Therefore, protection of the strong-year classes is very important to increase resource levels. Makino and Mitani (2010) simulated the effects of various adaptive management measures via the TAC for chub mackerel fisheries in the North Pacific (Fig.  6) . Their results shows that, if two strong-year classes (the classes of 1992 and 1996) had been protected for 2 years each by setting the TAC at the level of the business management break-even point for the average purse seiner, then the chub mackerel catch volume and resource level would have recovered considerably by 2000.
Institutional challenges for expanding fisheries management to encompass ecosystem conservation
This section focuses on the Ecosystem Approach of the CBD. After outlining the Approach, I examine the institutional characteristics of Japanese fisheries management (summarized in Section 2) from the perspective of the Approach. The objective of the analysis is to define the advantages and shortcomings of Japanese fisheries management, and to derive logical foundations for the policy responses needed to achieve marine ecosystem management.
4-1. Ecosystem approach of CBD
The CBD is the first global agreement on the conservation of biological diversity and the sustainable use of its components. It was adopted in June 1992 at the United Nations Conference on Environment and Development, held in Rio de Janeiro, along with the United Nations Framework Convention on Climate Change, the Rio Declaration on the Environment and Development, the Statement of Forest Principles, and Agenda 21. The CBD set out a commitment for maintaining the world's ecological underpinnings alongside economic development. It established three main goals:
(1) conservation of biodiversity; (2) sustainable use of the components of biodiversity; and (3) sharing of the benefits arising from the commercial and other utilization of genetic resources in a fair and equitable way. In order to deliver these goals, the Ecosystem Approach was adopted as the primary framework for action under the Convention (Decision II/8).
The Ecosystem Approach is based on the application of appropriate scientific methodologies focused on levels of biological organization that encompass the essential processes, functions, and interactions among organisms and their environment. It also recognizes that humans, with their cultural diversity, are an integral component of ecosystems. Decision V/6 endorsed the Condition 1. Fisheries operations are small-scale (industrial profile condition).
Condition 2. Diversity in resource use is high, reflecting the high biodiversity of the surrounding sea (marine resource condition).
Condition 3. People largely rely on seafood as a source of animal protein (food security condition).
Condition 4. Fisheries sector is important as a source of employment (social security condition).
Condition 5. Rich in the potential human resource in the coastal area (human resource conditions). Simulation results of four sea-cucumber fisheries management strategies for 20 years (modified from Makino 2011b). Non-transferable 56 57 59,60,62 64 65 6,7,8,9 69,71 70 72 73 74 6,7,8,9,59,75, 76,77 6,7,8,9,59, 75,78 25,26,27,75,77 25,26,27,78 C. Addition and enhancement of resources 60 28,64,67 68,69 72 73 74 75,77 28,78 30,31,32 29,31,32, 63,60 64,67 65 68,69,71 72 73 74 29,30,75,77 29,30,78 33 33,34, 60,63 35,36, 64,67 65 68,69,71 72 73 74 33,34,35,36, 75,77 33,34,35,36,78 37,38,39,60, 62,63 37,38,39,64,67 72 73 74 37,38,39,77 37,38,39,78 40,60,63 40,64,67 40,68,69,71 72 73 74 40,77 40,78 43,44,45,46, 48,60,63 41,42,43,44,45 46,47,48,64,67 46,48,68,69,71 72 73 74 41,42,45,46,48 ,77 41,42,43,44, 45,47,48,78 49,50 49,50 49,50,60,62,63 49,50,64,67 49,50 72 49,50,75,77 49,50 description of the 12 principles of the Ecosystem Approach and the 5 operational guidelines for its application (Table 6 ).
4-2. Assessment of Japanese fisheries management
In this sub-section, I use an analytical framework of six interconnected themes provided by the United Nations Environment Programme (UNEP) CBD (2003) to assess and examine Japanese fisheries management (Makino 2005) . The themes are 1) provision of environmental goods and services (What is being managed within ecosystems and for what purpose?); 2) building consensus (Who will undertake the management?); 3) providing incentives for management (What are the incentives for management?); 4) balancing conservation and use of biotic resources (How can different management objectives be reconciled and integrated?); 5) cross-scale integration (How can we best integrate management across multiple scales of interaction and response?); and 6) building adaptive capacity (How can we best develop the capacity to initiate, learn from, and thereby sustain, activities?).
Provision of environmental goods and services (Principle 5): Marine fisheries are industries that use marine ecosystem services. Consequently, the conservation, use, and management of fisheries resources take place in an ecosystem context. These activities have potential consequences in terms of changes in the structure and functioning of the marine ecosystem of which the fisheries resources are part. The main focus of Japanese fisheries management has been target species; it has not paid much attention to the ecosystem context, per se. However, recent legislation such as the Basic Act on Fisheries Policy (2001) or the Basic Act on Marine Policy (2007) recognizes that fisheries resources are components of the marine ecosystem and require conservation. Therefore, in recent years, ecosystem management has become an important policy task in Japanese fisheries policy.
To achieve marine ecosystem management, scientific understanding of marine ecosystems first needs to be facilitated. The most important topics are, among others, the interactions between target resources and the ecosystem, the impact of fishing operations on the ecosystem, and effective measures for ecosystem conservation. The next step is for institutions to coordinate decision-making between fisheries targeting prey species and those targeting predator species, on the basis of the results of monitoring of the ecosystem structure concerned.
Building consensus (Principles 1, 11, 12): Each person views the world around him/her in different ways and emphasizes his/her own economic, cultural, and societal interests and needs. Hence, determining the methods of use or conservation objectives of marine ecosystems inevitably becomes a highly social issue. Therefore, the objectives of marine ecosystem management should be a societal choice (Principle 1). In this regard, marine-resource users and local communities are especially important stakeholders, as they live off the resource and can more directly affect its future.
Their rights and interests have to be appropriately recognized and incorporated into management planning. At the same time, the involvement of all relevant stakeholders and technical expertise in planning and carrying out joint activities and sharing management resources is essential for effective management (Principle 12). This system can be established as an extension of the current fisheries-coordinating organization by incorporating various stakeholders into the organization, or it can be separately established with the fisheries industry as a constituent. One example of such a system, in the Shiretoko World Natural Heritage area, will be introduced in the next section.
There are specific marine-ecosystem functions and structures in each geographic area and each set of seasonal conditions. Local fishers and their organizations have a lot of explicit and tacit knowledge of their local areas that has accumulated for generations. This local knowledge should be utilized in ecosystem management (Principle 11). Daily catch data are also an important source of ecosystem information, as shown in the section below on the Shiretoko World Natural Heritage area. However, information provided by local fishers is not sufficient to achieve the conservation of ecosystem functions and structures. Subsequently, a role-sharing scheme should be devised for data collection and monitoring among local fishers, the gov-
The objectives of management of land, water and living resources are a matter of societal choice.
Principle 2 Management should be decentralized to the lowest appropriate level.
Principle 3 Ecosystem managers should consider the effects (actual or potential) of their activities on adjacent and other ecosystems.
Principle 4 Recognizing potential gains from management, there is usually a need to understand and manage the ecosystem in an economic context. Any such ecosystem-management programme should: a) Reduce those market distortions that adversely affect biological diversity; b) Align incentives to promote biodiversity conservation and sustainable use; c) Internalize costs and benefits in the given ecosystem to the extent feasible.
Principle 5 Conservation of ecosystem structure and functioning, in order to maintain ecosystem services, should be a priority target of the ecosystem approach.
Principle 6 Ecosystem must be managed within the limits of their functioning.
Principle 7 Ecosystem approach should be undertaken at the appropriate spatial and temporal scales.
Principle 8
Recognizing the varying temporal scales and lag-effects that characterize ecosystem processes, objectives for ecosystem management should be set for the long term.
Principle 9 Management must recognize the change is inevitable.
Principle 10 The ecosystem approach should seek the appropriate balance between, and integration of, conservation and use of biological diversity.
Principle 11 The ecosystem approach should consider all forms of relevant information, including scientific and indigenous and local knowledge, innovations and practices.
Principle 12 The ecosystem approach should involve all relevant sectors of society and scientific disciplines.
Guidance 1 Focus on the functional relationships and processes within ecosystems.
Guidance 2 Enhance benefit sharing.
Guidance 3 Use adaptive management practices.
Guidance 4 Carry out management actions at the scale appropriate for the issue being addressed, with decentralization to lowest level, as appropriate.
Guidance 5 Ensure intersectoral cooperation. Principle 2 states that natural resource management is best done at the level of the resource-production system. This is a variation of the subsidiarity principle, which states that higher-tier authorities should not assume functions that can be carried out more appropriately by lower-tier associations-or, alternatively, problems are best resolved at the level of organization at which they occur. This principle is in line with the current trend toward increasing the devolution of responsibility for natural resource management to local institutions on the grounds of greater efficiency, effectiveness, and equity (UNEP CBD, 2003). As described in Section 2, the basic concept of Japanese fisheries management is that of resource management by the resource users themselves. Therefore, the challenge is to incorporate ecosystem viewpoints into the management system on an ecologically meaningful scale of area and time.
Scale, however, is a serious matter in ecosystem management (Principles 7 and 8). How the components are perceived to be arranged spatially depends partly on the scale of observation. There is no single level of organization at which to understand and best manage ecosystem functioning. Likewise with time: at one time scale (e.g., monthly or annually) a component or process may appear to exhibit constant periodicity, whereas at another, longer or shorter, time scale the temporal dynamics may appear to be episodic or chaotic (unpredictable). In addition, ecosystems are not closed systems (Principle 3). They are largely open and connected to other systems through the flow of energy, matter, and information and the movement of organisms. In order to cope with these scale problems, effective management institutions should be devised at multiple levels that are connected (McGinnins and Ostrom 1996) .
There are various levels of Japanese FMO, from the local community level to the national level ( Table 2) . To surpass jurisdictional boundaries, FMOs are organized by members from several prefectures in accordance with the biological nature of the target species. Therefore, the Japanese management system has the potential to cope with geological-scale problems. However, again, the current system focuses mainly on target species. For example, in regard to Principle 3, nearly 80 species are being artificially propagated and released along Japanese sea coasts in order to enhance fisheries resources, but the potential effects on adjacent and other ecosystems are now under investigation.
Time-scale problems are highlighted by fishers' tenernment, and members of the public. Providing incentives for management (Principle 4): Marine ecosystems provide economically valuable goods and services, thus predicating the need to understand and manage ecosystems in an economic context (Principle 4). In that sense, organization of local fishers as resource managers provides an incentive to manage the resource effectively so as to cut associated costs or gain additional benefits from enhanced ecosystem services. Indeed, in Japan, there have been traditional activities that can be appraised from an ecosystem point of view. For example, in some coastal areas, fishers have voluntarily planted sea grasses and established coastal nursery grounds and protected areas. Others have afforested upstream hills. These activities have a long history and are worthy of remark and research. However, they are motivated mainly by their potential effects on target species, and these effects are directly related to the ecosystem concerned. In other words, these activities can be seen as "conservation of fishery grounds" and are conducted in an economic context. They should be combined in a compatible manner with other measures from the perspective of "environmental protection" for marine ecosystem conservation.
Balancing conservation and use of biotic resources (Principles 6 and 10): Principle 10-appropriate balance between conservation and use-is the very same concept as the resource management. However, its main scope is, again, limited to economically valuable species. This theme should be combined with other measures (environmental protection, endangered species protection, etc.) to conserve ecosystem structures and functions in a balanced manner. A system of marine protected areas (MPAs) is one of the most effective measures to ensure the conservation of marine ecosystems. Within a system of MPAs, a range of measures can be applied along a continuum, from ecosystems that are strictly protected, through mixed resource-use systems (of which ecosystem conservation and sustainable use are both part), to areas that have been wholly utilized by human activities, including fisheries. A system of MPAs is not antagonistic to fisheries operations; it can be viewed as an ecosystembased resource-enhancement system that enables multiple and responsible use of ecosystem services, including fishery operations.
Likewise, limits to their functioning (Principle 6) are deeply acknowledged in fisheries management as far as target resources are concerned. The TAC or TAE system is a formal measure designed to keep fisheries pressures within limits. Again, the task is to incorporate ecosystem perspectives into TAC/TAE formulation protocols. The limits of ecosystems are not static but may vary across sites, through time, and in relation to past circumstances and events. There is considerable uncertainty and ignorance about the actual lim-doi:10.5047/agbm.2017.00701.0001 © 2017 TERRAPUB, Tokyo. All rights reserved.
dency to follow short-term incentives because they face many uncertainties, including resource fluctuation, fish price changes, and oil cost rises, and their discount rates for the future tend to be high. Political interests also tend to focus only a few years into the future, because they are based on political outputs leading up to the next election. Some institutional arrangements therefore need to delivered to guarantee long-term conservation objectives. To resolve this time-scale inconsistency in decision-making, performance indicators that summarize data on complex environmental issues to indicate the overall status and trends of marine ecosystems would be useful tools. Competitive fisheries operations based on economic incentives should be utilized as long as these long-term performance indicators are within scientifically and transparently determined ranges.
Building adaptive capacity (Principle 9): Ecosystem changes, including changes in species composition, population abundance, and human-resource interaction, are both natural and inevitable. Management needs to adapt to these changes. Building the flexibility and capacity to adapt to new situations is critical for success in management. In Japanese fisheries management, in which local fishers are the principal decisionmakers, management decisions can be changed according to the information gained via daily operations. In other words, there is some flexibility in management decision-making. In addition, local FCA or FMO offices are used as capacity-building and information centers for management. Hence, Japanese fisheries management is potentially capable of adaptive decision-making. The future task is to develop infrastructure for data collection and monitoring, in which local fishers and their organizations should play an important role, and to incorporate ecosystem perspectives into these adaptive decision-making processes. Table 7 summarizes the above discussions. This section points out that, from the viewpoint of the Ecosystem Approach of the CBD, Japanese fisheries management has many advantages, including a decentralized management system, adaptive management processes, the use of local and scientific knowledge, multi-scale and interlinked management, and the promotion of sustainable resource use in an economic context. To expand the Japanese fisheries management system toward ecosystem conservation, these institutional advantages should be fully utilized. At the same time, supplemental policy measures should be introduced to fill the gap between fisheries management and ecosystem conservation.
Ecosystem conservation in the Shiretoko World
Natural Heritage area
5-1. Social and ecological systems in Shiretoko
The Shiretoko Peninsula and its surrounding marine areas (hereafter, the Shiretoko WNH area) lie at the southernmost limit of seasonal sea ice in the Northern Hemisphere (Fig. 7) .
The area has a complicated marine character created by the East Sakhalin cold current, the Soya warm current, and the intermediate cold water derived from the Sea of Okhotsk. The Shiretoko WNH area is home to a marine ecosystem to which a welter of organisms mi- Challenges towards marine ecosystem conservation -Ecosystem perspectives: progress in scientific knowledge should be facilitated. Careful examination of the appropriate nature of fishing rights/licenses and deliberate discussion of the role of the fishery industry in marine ecosystem-based management are required. The formulating protocols of TAC and TAE can also include ecosystem perspectives. -Stakeholder involvement: new institutions should be set up to allow a wide range of stakeholders to be involved in transparent decision-making processes. The viewpoint of watershed management is also important.
-Data collection and monitoring: identification of priorities in ecologically necessary data, and role-sharing in data collection and monitoring should be established. -Indicators: Development and reference to long-term indicators should be promoted. Fisheries should be operated within the allowable ranges of the indicators. -Use of MPA systems: MPAs are not a synonym for no-take zones, but can be understood as an ecosystem-based resource enhancement system which enables multiple and responsible use of ecosystem services, including fishery operations. Economically and ecologically meaningful MPA systems can be devised and should be installed where necessary. grate, and in which they live (MOE and Hokkaido Government 2007) . In early spring, the sea ice melts and ice algae and other phytoplankton bloom. This process is the most characteristic of the lowest trophic level of the Shiretoko ecosystem, which supports a wide range of species, including marine mammals, seabirds, and commercially important species (Sakurai 2007) . Another distinguishing character of this ecosystem is the interrelationship between marine and terrestrial ecosystems. Many anadromous salmonids run up rivers on the peninsula to spawn. These fishes serve as an important source of food for upstream terrestrial species such as the brown bear, Steller's sea eagle, and the whitetailed eagle (Fig. 8) . Also, the peninsula is an important stopover point for internationally migrating birds (IUCN 2005) .
People have been living in this area for more than 2000 years. Archaeologists have found many clay pots, as well as the bones of Steller sea lions, seals, and fish, in the area. For a long time, Shiretoko, which literally means "the utmost end of the earth" in the local Ainu language, remained out of the jurisdiction of the feudal government of mainland Japan. According to "A report of Yezo" (Relatione del Regno di Iezo) by an Italian missionary priest, Geronimo de Angelis, in 1618, the local Ainu people of the time had no concept of government (Rausu Town History Editing Committee 1970) . Today, about 20,000 people live in the towns of Shari and Rausu. The main industries are fishing, agriculture, and tourism.
Commercial fisheries in Shiretoko began in 1790 with the foundation of a fisheries market by the feudal government (Tokugawa Dynasty) on the mainland. The main products at the time were salmon, trout, and herring (Shari Fisheries History Editing Committee 1979). After the end of the feudal era in 1868, offshore fisheries started up, harvesting halibut and cod. After the Second World War, the Shiretoko fisheries sector developed rapidly (Shiretoko Museum 2001) . Today, Shiretoko is one of the most productive fisheries in Japan, and the fisheries sector is among the most important industries in the regional economy. Their main target species and gear types are salmonids by set net, common squid by jigging, and walleye pollock, cod, and arabesque greenling by gillnet. Catch volume data compiled by three fisheries cooperatives in the Shiretoko WNH area (Rausu, Shari-daiichi, and Utoro FCAs) are shown in Fig. 9 . Analysis of commodity prices reveals that the dried kelp produced in this area is among the most famous in Japan and is traded at high prices.
5-2. New measures for ecosystem conservation
After the nomination of the WNH area to the UNESCO World Natural Heritage, various new meas- ures were implemented for ecosystem conservation there. One of the most important new measures was a system for coordinating the wide range of sectors in the area (Fig. 10) . In October 2003, the Shiretoko World Natural Heritage Site Regional Liaison Committee was established to discuss the management of the site, exchange information, and coordinate the interests of various sectors. The committee is composed of officers from a wide range of ministries and departments in central and local government (Table 8) . FCAs, the tourism sector, the Scientific Council (described later) and NGOs also participate. The committee serves as the core arena for policy coordination among administrative bodies.
To provide scientific advice on formulation of the management plan and on research and monitoring ac- These organizations and their interrelationships have helped to ensure participation, to exchange information and opinions, and to build consensus among the wide-ranging interests of multiple users of the ecosystem services, thus enhancing the legitimacy of the management plans and rules. This is the core institutional framework for the conservation of Shiretoko ecosystems.
For conservation of the marine ecosystem, the Multiple Use Integrated Marine Management Plan (hereafter, the Marine Management Plan) was drafted by the Marine Working Group of the Scientific Council in December 2007. It includes strategies to maintain major species, monitoring methods, and policies for marine recreational activities. The objective of the Marine Management Plan is "to satisfy both conservation of the marine ecosystem and stable fisheries through the sustainable use of marine living resources in the marine area of the heritage site" (MOE and Hokkaido Government 2007) . The fisheries sector has participated from the beginning of the drafting process. Because the ecosystem is unclear, uncertain, and complex, the Marine Management Plan introduced adaptive management (Holling 1978; Walters 1986; Matsuda et al. 2009 ) as a basic strategy. Monitoring is the key to adaptive management, but it is usually one of the most challenging and expensive tasks. To monitor the Shiretoko marine ecosystem, the Marine Working Group first drew up a food web (Fig. 8) , identified indicator species (i.e., salmonids, walleye pollock, arabesque greenling, Pacific cod, Steller sea lions, seals, spectacled guillemot, slaty-backed gull, Japanese cormorant, Steller's sea eagle, and white-tailed eagle) and then specified monitoring activities. We have more than 50 years of catch data compiled by local fishers, including data on most of the indicator species and other major marine species in the Shiretoko food web. In addition, for some species, more detailed information such as size, time and place of catch, and maturity have been accumulated autonomously by local fishers. This information has become an important foundation for monitoring changes in the functions and structure of the Shiretoko marine ecosystem. More importantly, the local fishers (and therefore humans generally) are rec- ognized as an integral part of the ecosystem, and their catch data are used officially to monitor the ecosystem cost-effectively.
Of course, catch data cannot cover the entire marine ecosystem. Therefore, the Marine Management Plan specifies the public monitoring of non-harvested species, as well as basic environmental indices such as weather, water quality, sea ice, and plankton. A future task is to develop reference points representing the overall status and long-term trends of the ecosystem, to be adaptively referred to in the overall management scheme.
There are other new measures that have been introduced for marine ecosystem conservation in the Shiretoko WNH area. From a practical perspective, financial resources are among the most important challenges for achieving ecosystem conservation (Banes and McFadden 2008) . Table 9 summarizes the additional costs for conservation of the Shiretoko WNH area in 2006, including the terrestrial ecosystem estimated 36,617 million yen. Therefore, the total administrative cost corresponds to 0.8% of this income. Intuitively, this value seems reasonable as the total cost of bringing ecosystem conservation into practice.
5-3. Adaptation to climate change
Nutrients are provided by vertical mixing and seasonal upwelling in the Shiretoko WNH area and support the rich and diverse marine ecosystem (Sakurai 2007) . Figure 11 is a time-series of 65 years of change in the number of days of sea-ice cover at the Abashiri Local Meteorological Observatory, which is located 50 km west of the Shiretoko Peninsula. It very clearly shows a long-term (30 to 50 years) decreasing trend. Over this period, the 10-year average of the number of days of sea-ice cover decreased by 22%, from 95.8 days through 1946 -1955 to 74.6 days through 2001 . Ohshima et al. (2001 maintained that the current level of nutrient supply is sufficient to support the Shiretoko marine ecosystem, but if this decreasing trend continues, the long-term impact on the Shiretoko ecosystems could be substantial.
Only a small number of studies have investigated the effects of long-term climate change on the main fish resources of Shiretoko fisheries. Chum salmon has been identified as a species decreasing in abundance (Kaeriyama 2008; Kishi et al. 2010) . Ocean acidification could have negative effects on invertebrates (Kurihara 2008) , such as the short-spined sea urchin. Walleye pollock (Sakurai 2009 ) and Pacific saury (Ito et al. 2010) in the Shiretoko area are considered to be resilient to such long-term climate changes. The Kichiji rockfish (Sebastolobus macrochir) is thought to be resilient, because it typically lives deeper than 100 m, where such changes have little influence (Kuwahara et al. 2006) . Japanese common squid (Rosa et al. 2011) and Pacific herring (Megrey et al. 2007 ) are expected to increase in abundance over the long term.
Most importantly, strict and cautious resource management needs to be implemented for species increasing in abundance, such as Japanese common squid and Pacific herring. This increase should be seen not as a temporary bonus, but rather as part of the process of forming the main components of future fisheries in Shiretoko. In contrast, in the case of species decreasing in abundance, mitigating measures need to be introduced. For example, most of the chum salmon harvested in Japan are from stock hatched artificially, with less genetic diversity and a narrower spawning period than wild stocks (Nagata 2011) . To enhance the genetic diversity of species, therefore, restoration of the riverine environments in which natural spawning occurs is important as a medium-term adaptive measure. For more detailed discussions on the adaptation strategy in the Shiretoko WNH area, see the work of Makino and Sakurai (2012) . 
Conclusion
The Japanese people have used fisheries resources for a long time. Even today, seafood is very important in Japanese food culture. It reflects the variety of Japanese marine ecosystems and local cultures, from the sub-arctic in Hokkaido to the tropical in Okinawa. At each moment in history, the Japanese people have made their best effort to use fisheries resources in sustainable ways. The fundamental principle of the Japanese fisheries institution is "resource management by the resource users themselves." Even under the current fisheries institutional framework, local fishers themselves manage fishing operations, subject to the resource and ecosystem conditions of the area. According to Copes and Charles (2004) , Japanese management can be categorized as a kind of "community-based co-management," which acknowledges fishing people as the primary participants in management; moreover, the involvement and support of the broader community is seen as essential. This management system is open to considering a wide range of needs in the human community; it therefore lends itself to the implementation of a balanced mix of biological, social, and economic objectives.
The current institutional framework in Japan has been rationalized to meet particular social and ecological conditions, such as resource diversity, the importance of seafood as a source of animal protein, the economic scale of fisheries operations, and the total number of fishers. These conditions are common to those of other Asia-Pacific countries in which Top-down, Command, and Control management is too costly to implement. In this way, an organization of local fishers can function effectively as a body for local fisheries management. Also, small-scale fishers are very important to domestic seafood consumption and food culture, especially in developing countries. These are not the export-oriented fisheries operations typically operated at a large-scale in offshore areas. From the above discussions, I strongly believe that the Japanese fisheries management system is a good reference for other countries in the Asia-Pacific region.
The institutional framework shapes decision-making processes. Therefore, different institutions require different types of scientific knowledge for fisheries management. Under Japan's institutional framework, economic analysis that effectively supports fisheries management is the decision-support system for fishers. In this monograph, I have introduced the concept of a Fisheries Management Tool Box, which summarizes wide-ranging management measures to be selected by organizations of local fishers. Economic analysis of adaptive management is important for dealing with uncertainties in resource fluctuation or the marine environment. In this monograph, I have introduced several case studies in which, on the basis of daily fisheries operations, organizations of local fishers can select the best scenarios from among the options prepared by economic analysis.
Ecosystem conservation is one of the most urgent issues affecting the sustainability of the fisheries industry and Japanese seafood culture. Japan's fisheries institutional background has naturally resulted in an ecosystem conservation framework that is different from, for example, those of Iceland or New Zealand, where market-based individual transferable quotas are the central policy tools. There is no unique path towards conserving marine ecosystems and sustaining livelihoods. What is required is a careful assessment of the existing institutional frameworks and the potential role of the fisheries sector in marine ecosystem conservation. According to the Ecosystem Approach of the CBD, Japanese fisheries management has many advantages, including a decentralized management system, an adaptive management process, the use of local and scientific knowledge, multi-scale and interlinked management, and the promotion of sustainable resource use in an economic context. In order to expand the Japanese fisheries management system to encompass ecosystem conservation, these institutional advantages should be fully utilized. At the same time, supplemental policy measures should be introduced to fill the gap between fisheries management and ecosystem conservation; these measures could include the introduction of ecosystem perspectives, wider stakeholder involvement, ecosystem monitoring and indicators, and marine protected areas.
The Shiretoko WNH area has applied the above-mentioned measures and has fully utilized the advantages of existing fisheries management systems; other environmental policy measures have been used to deal with the challenges described above. Local fishers are not something to be eliminated from Natural Heritage ecosystems; instead, they are at the very core of marine ecosystem conservation. The 37th session of the UNESCO World Heritage Committee, held in Phnom Penh in August 2013, applauded the Shiretoko Approach as a "bottom-up approach to management through the involvement of local communities and stakeholders." This approach, together with "the way in which scientific knowledge has been effectively applied to management of the property through the Scientific Council and working groups, [has] been commended by IUCN and the UNESCO World Heritage Centre and provide [s] an excellent model for the management of World Heritage properties elsewhere" (UNESCO World Heritage Committee Statement 2013). We hope that the knowledge gained in setting up in the Shiretoko WNH area can contribute to future ecosystem-based management in the Asia-Pacific region, where large numbers of small-scale fishers utilize a wide range of species.
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importance of the social-ecological system perspective (Berkes et al. 2014) . I showed here that Japanese fisheries management institutions and the decision-making processes that underlie them reflect the ecological and social background of Japan. Therefore, in any country or area, I believe that a clear and deep understanding of the social and ecological background is a prerequisite for articulating new fisheries management measures for emerging issues such as climate change. A good policy measure that has shown success in one area or country cannot be copied to other social and ecological settings. Similarly, an appropriate process for integrating fisheries management and ecosystem conservation should be devised to suit the social and ecological background. One of the most difficult issues in such integration is how various stakeholders can work together. Reed et al. (2014) showed the importance of building trust and effective flow of information. In this respect, as the Shiretoko World Natural Heritage area case shows (Fig.  10) , a coordinating system participated in by various stakeholders can be a good arena for building trust and effective information flow among stakeholders.
However, how can we share a common interest among various stakeholders? Or, in other words, what is the common interest that needs to be shared by a wide-range of stakeholders? I think that a clue can be found in the words of the leader of an environmental NGO that is currently conducting conservation activities in Japanese coastal areas with various stakeholders, including fishers. He said that "even with very wide gaps in values or beliefs among participants, I think we can at least share the importance of education for local children ... in that sense, we cannot omit children's experiences in catching and eating seafood in the field. This is very important." (Citizen Group Meeting for the Promotion of Nature Restoration 2005). His opinion is deeply influenced by, and embedded in, the Japanese social context-i.e., the average Japanese eats a lot of fish (Fig. 2) . This is another reason why we need the social-ecological system perspective for better ecosystem conservation planning.
